Introduction
============

Overweight and obesity and their related chronic diseases are public health problems in Mexico ([@bib1], [@bib2]). By 2002, the leading causes of death in the country were coronary heart disease and diabetes ([@bib1]). The prevalence of metabolic syndrome (MetS)^6^ among Mexican women aged \>20 y was 52.2% in 2006 ([@bib3]) and that for hypertriglyceridemia was 26.9% ([@bib3], [@bib4]). In 2012, the combined prevalence of overweight and obesity among women \>20 y was 73.0%, with obesity representing 37.5% ([@bib2]). In the same way that substantial health benefits can be achieved with modest weight losses of 5--7% of initial weight ([@bib5], [@bib6]), evidence suggests that a decrease in elevated TG concentrations is associated with a decrease in cardiovascular disease risk ([@bib7], [@bib8]).

Mexico\'s intake of sugar-sweetened beverages (SSBs) is among the highest worldwide. In 2006, the per capita energy contribution from SSBs in adults was 411 kcal/d, or 22.3% of total energy intake ([@bib9]--[@bib11]), and was equally high in 2012, representing 19.0% of total energy intake ([@bib12]). Evidence from a combination of longitudinal cohorts, small clinical trials, and randomized controlled trials (RCTs) in children shows that increases in SSB intake are linked with increased energy intake, weight gain, and an array of cardiometabolic risks, such as hypertriglyceridemia, low HDL cholesterol, type 2 diabetes, and MetS, among others ([@bib13]--[@bib21]). Nevertheless, critics of the results of the limited number of RCTs conducted in adults have argued that more evidence is needed to support conclusions about the negative effects of SSBs on health ([@bib22]--[@bib25]). One recent 3-arm RCT in U.S. adults tested the replacement of caloric beverages with noncaloric beverages (water or diet beverages) as a strategy to promote weight loss. The results showed no differences in weight loss from baseline weight in the water group or in the low-caloric beverage group compared with that in the control group. However, in a secondary analysis (combining water and low-caloric beverage vs. control group), participants in the beverage-replacement combined group were 2 times as likely to achieve a 5% weight loss by the end of the intervention (*P* = 0.04) ([@bib26]). Evidence, albeit limited, suggests that substituting water for SSBs may facilitate weight loss, especially in subjects participating in weight-loss programs ([@bib27]). Reduction in total energy intake with the subsequent meal in adults ([@bib28]), short-term effect of increased satiety, reduced feeling of hunger ([@bib29]), and increased energy expenditure as a result of water-induced thermogenesis ([@bib30], [@bib31]) are some of the suggested potential mechanisms.

We conducted a 9-mo clinical trial to determine whether replacement of SSBs with water, through water provision and nutrition counseling, could reduce plasma TG concentrations as the primary outcome and weight and other cardiometabolic risk factors as secondary outcomes in overweight and obese Mexican women. Secondary analyses examined the effect of initial weight status on the primary outcome.

Participants and Methods
========================

Design.
-------

Hernández-Cordero et al. ([@bib32]) described in detail the methods of this RCT elsewhere. Briefly, this RCT, conducted in Cuernavaca, Mexico, consisted of 2 intervention groups: water and education provision (WEP) and education provision (EP) only. The study was conducted according to the guidelines in the Declaration of Helsinki, and all procedures involving human subjects were approved by the institutional review board of the Mexican National Institute of Public Health. Written informed consent was obtained from all subjects. The study was registered at [clinicaltrials.gov](http://clinicaltrials.gov) (NCT01245010).

Participants.
-------------

Women aged 18--45 y with a BMI ≥25 to \<39 kg/m^2^ who reported SSB intakes of at least 250 kcal/d were recruited, randomly allocated to the intervention groups, and followed for 9 mo. An advertising campaign identified potential participants interested in joining the study. Applicants were screened via telephone to determine if they fulfilled the age and BMI criteria. In those who did, three 24-h dietary recalls (nonconsecutive days, including 2 weekdays and 1 weekend day) were administered by trained interviewers to identify their usual intake of SSBs. The procedures for the analysis of the dietary information are explained in detail below. A broader description of exclusion criteria was published elsewhere ([@bib32]).

Sample size calculation and random assignment.
----------------------------------------------

This study was powered to observe a 31 ± 58 mg/dL decrease, from baseline to the end of the intervention, in plasma TG concentrations and a weight loss of 1.8 ± 3.4 kg. We needed a sample size of 120 cases, which considered 2-sided tests, with 90% power and an α of 0.05, and allowed for \>75% attrition. Women fulfilling all selection criteria (*n* = 240) were randomly assigned to either of the treatment groups through blocked randomization. Assignments to each of the 24 blocks within the groups were made by random numbers generated with Microsoft Office Excel. Each block included 10 participants.

Intervention.
-------------

The intervention lasted 9 mo. Because of the characteristics of this intervention, it was not possible to make staff and participants unaware of treatment. The 2 groups were treated identically except that we provided water to the WEP group along with nutrition counseling, including individualized and group meetings targeted to the rationale and strategies to increase water intake, reduce SSB intake, and substitute water for SSBs (see **[Supplemental Table 1](#sup1){ref-type="supplementary-material"}** for detailed characteristics). To ensure water availability, the WEP women received bottled water at home and/or picked it up every 2 wk. We provided 2--3 L of water per participant per day with 1 additional L/d to account for possible consumption by other family members. Women of both groups participated in monthly face-to-face meetings with a dietitian and a psychologist (1 set for each group) either individually or in a group (2--10 participants each). At the end of group meetings, each woman identified her healthy diet goal for the next month. Individual meetings consisted of nutrition counseling with regard to the goal. The WEP and EP groups met separately and received equal attention. For ethical reasons, after final measurements, the EP group participated in an extra meeting with regard to water and SSB intake.

Outcomes and measurements.
--------------------------

The primary outcome was change in plasma TG concentrations over a 9-mo period. The secondary outcomes were change in weight and other MetS indicators: waist circumference, percentage of body fat, fasting glucose, total cholesterol, HDL cholesterol, LDL cholesterol, glycosylated hemoglobin (HbA1c), and blood pressure. In addition, we evaluated serum and urine osmolality and estimated MetS prevalence. MetS was defined according to the International Diabetes Federation ([@bib33]) as waist circumference \>80 cm plus any 2 of the following criteria: TGs \>150 mg/dL, HDL cholesterol \<50.0 mg/dL, high blood pressure (systolic \>130 mm Hg and/or diastolic \>85 mm Hg), and fasting glucose \>100 mg/dL.

All measurements were collected at baseline and at 3, 6, and 9 mo except for urine samples and air displacement plethysmography, both of which were measured at baseline and 9 mo, and sociodemographic information, which was collected at baseline only. All assessments were conducted on weekdays between 0700 and 1100 h at the Mexican National Institute of Public Health, except for water delivery and dietary information, which were obtained at the participant\'s home or another place of her preference.

Fasting blood samples were collected in non-anticoagulated and EDTA tubes (for HbA1c determination). Samples were immediately frozen at −80°C until analysis at the end of the intervention. Urine samples were collected and stored until determination of urine osmolality. All analytic measurements were performed at the Mexican National Institute of Public Health. Plasma TG concentrations were measured after lipase hydrolysis in an automatic analyzer with a tungsten lamp (Prestige 24i; Tokyo Boeki Medical System). The interassay CV was 4.4%. Total cholesterol was determined by using enzymatic hydrolysis and oxidation; the interassay CV was 3.9%. HDL cholesterol was measured by using an enzymatic colorimetric direct method after eliminating chylomicrons, VLDL cholesterol, and LDL cholesterol by enzymatic digestion. Glucose concentrations were measured by using an automatized glucose oxidase method, with an overall interassay CV of 2.1%. The proportion of HbA1c was determined by an immunocolorimetric method in whole blood. Finally, serum and urine osmolality were measured by using freezing point depression with a micro osmometer (Fiske 210 Micro-Sample Osmometer; Advanced Instruments).

Resting blood pressure was measured with a digital sphygmomanometer (Omron model HEM-781 INT) on the right arm after 5 min of rest with the participant seated and her back supported. Three measurements were taken with at least 2 min between each measurement, and the mean was used.

Weight was assessed in tight-fitting swimsuits or spandex shorts without shoes with a Tanita (model BWB-627-A, 100-g precision) digital scale. Height was measured at baseline only by using a calibrated, wall-mounted stadiometer (model 17802, 2-mm precision; Shorr Productions). Waist circumference was measured in a light-weight hospital gown by using a Gulick tape measure. Waist measurements were obtained at 2 points, the midpoint between the sternum and the umbilicus and the iliac crest, following standard procedures ([@bib34]). Total body fat was evaluated by using air displacement plethysmography (Bod Pod Life Measurement). This technique is reliable and validated for evaluating body composition ([@bib35]). Subjects were fasting at the time of measurement. The Bod Pod was calibrated before each measurement by using a 49.273-L cylinder. Subjects were tested while wearing a swimsuit and a swimming cap to compress the hair ([@bib35], [@bib36]). Volume of thoracic capacity was used to correct body volume (corrected body volume = total body volume − thoracic capacity). Body fat mass (in kg) was calculated by using Siri\'s equation ([@bib37]).

A 24-h recall assessed dietary intake during a face-to-face interview on 3 nonconsecutive days during the same week (2 weekdays and 1 weekend day). The recall included a complete audit of foods the participant had consumed during the previous 24 h, and specific probes for all beverages and water included measurement cups for a better estimation of liquid intake. We estimated total energy intake from solid foods and beverages as the average of the 3-d intake for each subject according to the Mexican National Institute of Public Health food composition table, with links to and consistency checks with the USDA National Nutrient Database for Standard Reference ([@bib38]).

Physical activity was measured by an accelerometer (Actigraph GT3X) worn at the waist for at least 8 h for 4 consecutive days. We estimated total metabolic equivalents (METs) per day as the average MET over 24 h. We estimated intervention adherence through the records of participants\' attendance at the individual and group meetings, visits, and phone calls.

Sociodemographic information, collected by questionnaire, included age, years of education, and housing condition, such as flooring and roof materials, ownership of home appliances, and number of rooms. We constructed an indicator of socioeconomic status or well-being through a principal components analysis ([@bib39]). The statistical models included a standardized factor as a continuous variable. This methodology, which has been validated for describing socioeconomic differentiation within a population, allowed us to classify participants\' households into socioeconomic groups ([@bib39]). **[Supplemental Table 2](#sup1){ref-type="supplementary-material"}** summarizes the timing of measurements and contacts.

Adverse events.
---------------

We closely monitored the development of any adverse event (any symptom or safety concern requiring medical attention reported by a participant during a contact). Participants reporting potential adverse events were referred to the project\'s physician.

Statistical analysis.
---------------------

All analyses were performed by using Stata version 12.1 (StataCorp). We performed an intent-to-treat (ITT) analysis. For continuous variables, the Markov--Monte Carlo method was used to impute missing data, generating 10 imputations. The results from the imputation were combined by using the MI Stata command in all analyses ([@bib40], [@bib41]). Baseline demographic characteristics, dietary intake, and primary and secondary outcomes were described by treatment group, with means and SDs for continuous variables and percentages for categorical characteristics. The main effects of time, treatment group, and time by treatment group interaction were examined in separate mixed-effects models for each outcome by using the independent structure of the covariance matrix and taking into account the randomization block. Given that we found no differences when considering the randomization block, we present results without it. We tested both the mean outcomes across time between groups and the absolute and relative changes from baseline to the end of the intervention between groups in all outcome variables, both unadjusted and adjusted for baseline characteristics. Because we found no difference with adjusted models, we present unadjusted results only.

Post hoc secondary analyses according to weight status at baseline with the use of the WHO-recommended cutoffs (overweight, BMI ≥25.0--29.9 kg/m^2^; obese, BMI ≥30.0 kg/m^2^) were performed to examine the hypothesis that the effect of the intervention would differ across BMI categories, as found in several SSB interventions among young children or adolescents ([@bib20], [@bib42]). Mean outcomes across time between groups and changes from baseline to 9 mo were tested by the interaction of the group effect and weight status at baseline by using mixed-effects models and linear regression models, respectively. We tested the effect of the intervention on MetS at 9 mo by using logistic regression and its effect modification by weight status at baseline. *P* values \<0.05 were considered significant in all analyses. We present mean ± SEs for continuous variables or as specified and percentages for categorical variables.

Results
=======

ITT analysis
------------

### Participants.

Of the 1756 women screened, 268 fulfilled the selection criteria and were randomly allocated to the WEP or the EP group. From these, 240 agreed to participate in the study, and baseline measurements were taken. The retention rate for participants with baseline measurements was higher in the WEP group (85.0%) than in the EP group (72.5%) (*P* = 0.03) ([**Fig. 1**](#fig1){ref-type="fig"}). Attendance by the WEP group (mean ± SD: 7.3 ± 2.4 sessions) was greater than that by the EP group (6.4 ± 2.4 sessions) (*P* = 0.01).

![Flow of participants through the trial. ^1^Phone screening criteria: age and reported BMI (confirmed at study site visit). ^2^Based on attendance at last appointment. EP, education provision; WEP, water and education provision.](1742fig1){#fig1}

Sociodemographic characteristics and dietary intake among dropouts and women completing the study were similar except for parity, with a greater proportion of nulliparous women finishing the study (28.6% completers, 13.7% dropouts; *P* = 0.04) (**[Supplemental Table 3](#sup1){ref-type="supplementary-material"}**). Baseline characteristics were not different between groups (**[Tables 1](#tbl1){ref-type="table"}--[3](#tbl3){ref-type="table"}**). Overall, participants were, on average (±SD), 33.3 ± 6.7 y old and obese (BMI: 31.2 ± 3.7 kg/m^2^), 26.2% were nulliparous, and 45.0% had completed middle and high school (data not shown).

###### 

Baseline characteristics of study participants[^1^](#tblfn1){ref-type="table-fn"}

                                              ITT (*n* = 240)  
  ------------------------------------------ ----------------- --------------
  Age, *y*                                      33.5 ± 6.7       33.3 ± 6.7
  Parity, *n (%)*                                              
   Nulliparous                                   34 (28.3)       27 (22.5)
   Multiparous                                   86 (71.7)       93 (77.5)
  Marital status, *n (%)*                                      
   Married/living with someone                   69 (57.5)       78 (65.0)
   Not married/living with someone               51 (42.5)       42 (35.0)
  Education, *n (%)*                                           
   Incomplete: middle school or less              4 (3.3)         6 (5.0)
   Complete: middle school and high school       47 (39.1)       61 (50.8)
   Technical school                              19 (15.8)       16 (13.3)
   Professional or higher                        50 (41.6)       37 (30.8)
  BMI classification, *n (%)*                                  
   Overweight                                    56 (46.6)       54 (45.0)
   Obese                                         64 (53.3)       66 (55.0)
  Smoking status, *n (%)*                                      
   Yes                                           39 (32.5)       36 (30.0)
   No                                            81 (67.5)       84 (70.0)
  Socioeconomic level index                     0.11 ± 1.34     −0.14 ± 1.33

Values are means ± SDs unless otherwise indicated. Data were analyzed by using ITT analysis with 10 imputations (*n* = 240). EP, education provision; ITT, intent-to-treat; WEP, water and education provision.

###### 

Metabolic syndrome risk indicators and hydration status by intervention group[^1^](#tblfn2){ref-type="table-fn"}

                                                                   Study time point   *P* [^2^](#tblfn3){ref-type="table-fn"}                                               
  --------------------------------------------------------------- ------------------ ----------------------------------------- -------------- --------------- ------ ------ ------
  Plasma TGs, *mg/dL*                                                                                                                                          0.20   0.20   0.10
   WEP                                                                155 ± 2.10                    161 ± 2.60                   157 ± 2.30     149 ± 2.80                  
   EP                                                                 150 ± 1.90                    152 ± 1.70                   164 ± 2.60     161 ± 2.70                  
  Plasma total cholesterol, *mg/dL*                                                                                                                            0.30   0.50   0.30
   WEP                                                                188 ± 1.30                    190 ± 1.20                   191 ± 1.30     187 ± 1.20                  
   EP                                                                 188 ± 1.30                    195 ± 1.40                   192 ± 1.40     186 ± 1.20                  
  Plasma LDL cholesterol, *mg/dL*                                                                                                                              0.10   0.20   0.09
   WEP                                                               103 ± 0.900                    105 ± 0.900                 106 ± 0.900     105 ± 0.900                 
   EP                                                                106 ± 0.800                    111 ± 1.00                   106 ± 1.10     102 ± 0.900                 
  Plasma HDL cholesterol, *mg/dL*                                                                                                                              0.30   0.10   0.10
   WEP                                                               52.5 ± 0.400                  52.6 ± 0.400                 55.0 ± 0.400   52.7 ± 0.400                 
   EP                                                                53.2 ± 0.300                  53.5 ± 0.400                 52.7 ± 0.400   51.5 ± 0.300                 
  Fasting plasma glucose, *mg/dL*                                                                                                                              0.90   0.80   0.90
   WEP                                                               90.2 ± 0.400                  90.0 ± 0.300                 90.5 ± 0.300   90.7 ± 0.400                 
   EP                                                                90.2 ± 0.300                  90.3 ± 0.300                 90.5 ± 0.400   91.1 ± 0.300                 
  HbA1c,[^4^](#tblfn5){ref-type="table-fn"}*%*                                                                                                     0.30        0.20   0.30  
   WEP                                                              5.80 ± 0.0100                       ---                         ---        5.82 ± 0.0100                
   EP                                                               5.80 ± 0.0100                       ---                         ---        5.80 ± 0.0100                
  Systolic blood pressure, *mm Hg*                                                                                                                             0.10   0.80   0.30
   WEP                                                               100 ± 0.300                    100 ± 0.300                 97.6 ± 0.300   98.0 ± 0.300                 
   EP                                                                102 ± 0.300                    100 ± 0.300                 98.3 ± 0.300   98.6 ± 0.400                 
  Diastolic blood pressure, *mm Hg*                                                                                                                            0.20   0.10   0.40
   WEP                                                               68.3 ± 0.800                  67.3 ± 0.200                 64.6 ± 0.200   63.9 ± 0.200                 
   EP                                                                70.0 ± 0.700                  68.1 ± 0.200                 65.3 ± 0.300   65.5 ± 0.300                 
  Serum osmolality,[^4^](#tblfn5){ref-type="table-fn"}*mOsm/kg*                                                                                                0.40   0.60   0.90
   WEP                                                               296 ± 0.800                        ---                         ---         293 ± 0.500                 
   EP                                                                293 ± 0.600                                                                291 ± 0.400                 
  Urine osmolality,[^4^](#tblfn5){ref-type="table-fn"}*mOsm/kg*                                                                                                0.30   0.01   0.05
   WEP                                                                707 ± 7.70                        ---                         ---         581 ± 7.70                  
   EP                                                                 701 ± 6.60                        ---                         ---         701 ± 9.20                  

Values are means ± SEs. EP, education provision; HbA1c, glycosylated hemoglobin; mOsm, milliosmole; WEP, water and education provision.

Data were analyzed by using intent-to-treat analysis, 10 imputations (*n* = 240). Repeated-measures mixed-effects model analysis was used to test the mean through time.

There was no difference between groups at baseline in any of the outcomes or indicators of hydration status (all *P* ≥ 0.1).

Measured at baseline and at 9 mo only.

###### 

Body composition, dietary intake, and physical activity by intervention group[^1^](#tblfn6){ref-type="table-fn"}

                                                     Study time point   *P* [^2^](#tblfn7){ref-type="table-fn"}                                                   
  ------------------------------------------------- ------------------ ----------------------------------------- --------------- --------------- ------ --------- ---------
  Weight, *kg*                                                                                                                                    0.50    0.04       0.4
   WEP                                                  76.9 ± 0.3                    76.4 ± 0.3                   75.6 ± 0.3      75.7 ± 0.3                     
   EP                                                   76.0 ± 0.3                    75.6 ± 0.3                   75.3 ± 0.3      75.3 ± 0.3                     
  BMI, *kg/m^2^*                                                                                                                                  0.90    0.04      0.40
   WEP                                                  31.0 ± 0.1                    30.6 ± 0.1                   30.5 ± 0.1      30.5 ± 0.1                     
   EP                                                   31.0 ± 0.1                    30.8 ± 0.1                   30.7 ± 0.1      30.7 ± 0.1                     
  Body fat,[^4^](#tblfn9){ref-type="table-fn"}*%*                                                                                                 0.70    0.40      0.90
   WEP                                                  42.5 ± 0.1                        ---                          ---         41.6 ± 0.1                     
   EP                                                   42.2 ± 0.1                        ---                          ---         41.5 ± 0.2                     
  Waist circumference, *cm*                                                                                                                       0.70    0.40      0.80
   WEP                                                  98.3 ± 0.3                    97.8 ± 0.3                   96.9 ± 0.2      97.3 ± 0.3                     
   EP                                                   98.5 ± 0.3                    97.9 ± 0.3                   97.9 ± 0.3      97.3 ± 0.3                     
  Total energy intake, *kcal/d*                                                                                                                   0.30   \<0.001    0.90
   WEP                                                  2015 ± 14                      1461 ± 14                    1440 ± 13       1430 ± 11                     
   EP                                                   2054 ± 15                      1608 ± 13                    1577 ± 12       1485 ± 11                     
  Energy intake from solid foods, *kcal/d*                                                                                                        0.09    0.10      0.07
   WEP                                                  1497 ± 13                      1212 ± 11                    1211 ± 11       1181 ± 10                     
   EP                                                   1549 ± 13                      1247 ± 10                    1203 ± 10       1109 ± 8                      
  Beverages with sugar                                                                                                                                            
  * mL/d*                                                                                                                                         0.40   \<0.001   \<0.001
    WEP                                                 1127 ± 11                     500.0 ± 11                     45 ± 12        418 ± 11                      
    EP                                                  1094 ± 11                     807.0 ± 14                    890 ± 17        796 ± 13                      
  * kcal/d*                                                                                                                                       0.80   \<0.001   \<0.001
    WEP                                                  407 ± 4                       164.0 ± 4                    155.0 ± 4        155 ± 4                      
    EP                                                   409 ± 4                       283.0 ± 6                    310.0 ± 6        292 ± 6                      
  * % of calories/d*                                                                                                                              0.30   \<0.001   \<0.001
    WEP                                                 21.0 ± 0.2                    10.6 ± 0.2                   10.1 ± 0.3      10.7 ± 0.3                     
    EP                                                  20.0 ± 0.2                    16.9 ± 0.3                   19.9 ± 0.4      19.3 ± 0.4                     
  Water consumption, *mL/d*                                                                                                                       0.20   \<0.001   \<0.001
   WEP                                                   737 ± 15                     1713.0 ± 18                   1842 ± 20       1942 ± 22                     
   EP                                                    824 ± 18                     967.0 ± 18                    1015 ± 22       1065 ± 22                     
  Physical activity, *METs/d*                                                                                                                     0.99    0.91      0.79
   WEP                                                1.455 ± 0.004                  1.445 ± 0.004                1.454 ± 0.005   1.477 ± 0.011                   
   EP                                                 1.455 ± 0.004                  1.452 ± 0.004                1.489 ± 0.005   1.485 ± 0.007                   

Values are means ± SEs. EP, education provision; MET, metabolic equivalent; WEP, water and education provision.

Data were analyzed by using intent-to-treat analysis, 10 imputations (*n* = 240). Repeated-measures mixed-effects model analysis was used to test the mean through time.

There was no difference between groups at baseline in dietary intake or physical activity (all *P* ≥ 0.1).

Measured at baseline and 9 mo only.

### Reported dietary intake and physical activity.

Reported dietary intake is presented in [Table 3](#tbl3){ref-type="table"}. Reported water intake increased in both groups, with a greater increase in the WEP group (*P*-interaction \< 0.001). The increase in water intake started early in the intervention (change from baseline to 3 mo: WEP, 976 ± 67 mL/d; EP, 142 ± 67 mL/d; *P* \< 0.001). By the end of the intervention, on average, women in the WEP group increased water intake by 1210 ± 102 mL/d and those in the EP group by 239 ± 91 mL/d (*P* \< 0.001) ([**Table 4**](#tbl4){ref-type="table"}). Even though participants in both groups decreased their SSB intake in all stages, reduction was greater in the WEP group (change from baseline to 9 mo: WEP, −252 ± 19 kcal/d; EP, −115 ± 27 kcal/d; *P* \< 0.001) ([Table 4](#tbl4){ref-type="table"}). Women in the EP group tended to have a greater decrease in reported solid food intake (*P*-interaction = 0.07). Both groups reported a decrease in total energy intake by the end of the intervention, with no difference between groups (change from baseline to 9 mo: WEP, −585 ± 55 kcal/d; EP, −567 ± 66 kcal/d; *P* = 0.8) ([Table 4](#tbl4){ref-type="table"}). Physical activity, measured as METs/d, did not differ between the groups throughout the intervention ([Table 3](#tbl3){ref-type="table"}).

###### 

Change in metabolic syndrome indicators, hydration status, and dietary intake by intervention group[^1^](#tblfn10){ref-type="table-fn"}

                                                                    Change from baseline       *P*                                              
  ---------------------------------------------------------------- ---------------------- -------------- ------------------ --------- --------- ---------
  Plasma TGs, *mg/dL*                                                                                                         0.70      0.30      0.30
   WEP                                                                  5.60 ± 8.00        −2.40 ± 9.10     −5.70 ± 10.0                        
   EP                                                                   1.80 ± 6.60        13.6 ± 11.3      10.7 ± 9.90                         
  Total cholesterol, *mg/dL*                                                                                                  0.60      0.60      0.70
   WEP                                                                  1.50 ± 4.70        5.80 ± 5.60      1.90 ± 8.70                         
   EP                                                                   5.70 ± 5.20        1.20 ± 7.60      −3.00 ± 8.90                        
  LDL cholesterol, *mg/dL*                                                                                                    0.50      0.30      0.40
   WEP                                                                  1.10 ± 3.50        4.90 ± 4.00      0.200 ± 4.00                        
   EP                                                                   4.60 ± 3.70        −1.60 ± 4.60     −5.00 ± 4.70                        
  HDL cholesterol, *mg/dL*                                                                                                    0.40      0.90      0.60
   WEP                                                                 −0.300 ± 1.30       1.90 ± 8.50      0.300 ± 1.40                        
   EP                                                                   1.20 ± 1.40        1.10 ± 4.60      −1.70 ± 1.80                        
  Fasting plasma glucose, *mg/dL*                                                                                             0.90      0.90      0.90
   WEP                                                                 0.0400 ± 1.50       0.60 ± 1.90      1.20 ± 1.70                         
   EP                                                                   0.200 ± 1.40       0.90 ± 2.20      1.70 ± 2.80                         
  HbA1c,[^2^](#tblfn11){ref-type="table-fn"}*%*                                                                 ---            ---      0.30    
   WEP                                                                      ---                ---        −0.0300 ± 0.0300                      
   EP                                                                       ---                ---        0.0200 ± 0.0300                       
  Systolic blood pressure, *mm Hg*                                                                                            0.30      0.50      0.60
   WEP                                                                 0.0500 ± 0.900      −2.40 ± 1.00     −0.90 ± 1.20                        
   EP                                                                   −1.30 ± 1.00       −3.80 ± 1.40     −2.80 ± 1.70                        
  Diastolic blood pressure, *mm Hg*                                                                                           0.50      0.50      0.80
   WEP                                                                 −1.00 ± 0.900       −3.70 ± 1.00     −3.40 ± 1.10                        
   EP                                                                  −1.90 ± 0.800       −4.70 ± 1.10     −3.90 ± 1.50                        
  Serum osmolality,[^2^](#tblfn11){ref-type="table-fn"}*mOsm/kg*                                                               ---       ---      0.80
   WEP                                                                      ---                ---          −2.60 ± 3.30                        
   EP                                                                       ---                ---          −1.30 ± 3.00                        
  Urine osmolality,[^2^](#tblfn11){ref-type="table-fn"}*mOsm/kg*                                                               ---       ---      0.008
   WEP                                                                      ---                ---          −131 ± 38.0                         
   EP                                                                       ---                ---          3.10 ± 42.5                         
  Weight, *kg*                                                                                                                0.06      0.10      0.40
   WEP                                                                   −1.0 ± 0.2         −1.4 ± 0.3       −1.2 ± 0.4                         
   EP                                                                    −0.5 ± 0.2         −0.7 ± 0.3       −0.8 ± 0.4                         
  BMI, *kg/m^2^*                                                                                                              0.07      0.10      0.40
   WEP                                                                  −0.40 ± 0.08       −0.54 ± 0.11     −0.50 ± 0.14                        
   EP                                                                   −0.20 ± 0.08       −0.30 ± 0.14     −0.33 ± 0.15                        
  Body fat,[^2^](#tblfn11){ref-type="table-fn"}*%*                                                                             ---       ---      0.90
   WEP                                                                      ---                ---           −0.8 ± 0.4                         
   EP                                                                       ---                ---           −0.8 ± 0.6                         
  Waist circumference, *cm*                                                                                                   0.10      0.20      0.70
   WEP                                                                   −1.0 ± 0.3         −1.4 ± 0.3       −1.0 ± 0.4                         
   EP                                                                    −0.5 ± 0.3         −0.6 ± 0.5       −1.3 ± 0.7                         
  Total energy intake, *kcal/d*                                                                                               0.20      0.30      0.80
   WEP                                                                   −553 ± 56          −575 ± 54        −585 ± 55                          
   EP                                                                    −447 ± 52          −478 ± 60        −567 ± 66                          
  Energy intake from solid foods, *kcal/d*                                                                                    0.80      0.40      0.10
   WEP                                                                   −285 ± 46          −285 ± 46        −315 ± 47                          
   EP                                                                    −302 ± 44          −347 ± 53        −440 ± 58                          
  Beverages with sugar                                                                                                                          
  * mL/d*                                                                                                                    \<0.001   \<0.001   \<0.001
    WEP                                                                  −628 ± 50          −675 ± 50        −709 ± 59                          
    EP                                                                   −286 ± 53          −198 ± 71        −297 ± 59                          
  * kcal/d*                                                                                                                  \<0.001   \<0.001    0.001
    WEP                                                                  −243 ± 17          −252 ± 16        −252 ± 19                          
    EP                                                                   −125 ± 20           −96 ± 24        −115 ± 27                          
  * % of calories/d*                                                                                                         \<0.001   \<0.001   \<0.001
    WEP                                                                 −10.5 ± 0.9        −11.0 ± 1.2      −10.4 ± 1.3                         
    EP                                                                   −3.5 ± 1.0         −0.4 ± 1.6       −1.0 ± 1.5                         
  Water consumption, *mL/d*                                                                                                  \<0.001   \<0.001   \<0.001
   WEP                                                                    976 ± 67          1,109 ± 88      1,210 ± 102                         
   EP                                                                     142 ± 67           190 ± 92         239 ± 91                          

Values are means ± SEs. Data were analyzed by using intent-to-treat analysis, 10 imputations. Changes were calculated from baseline to 3, 6, and 9 mo without adjustments for covariates; *n* = 120 for WEP and *n* = 120 for EP. A repeated-measures mixed-effects model analysis was used to test the mean through time, all *P* \> 0.05 (data not shown). EP, education provision; HbA1c, glycosylated hemoglobin; mOsm, milliosmole; WEP, water and education provision.

Measured at baseline and 9 mo only.

### Outcomes.

The effects of the intervention on the study outcomes are shown in [Table 2](#tbl2){ref-type="table"}. The primary outcome, change in plasma TG concentrations, did not differ between the groups (*P*-interaction = 0.10). There was no significant change at any stage between the groups ([Table 4](#tbl4){ref-type="table"}).

Women in both groups lost weight, with no difference between groups (*P*-interaction = 0.40) ([Table 3](#tbl3){ref-type="table"}). By the end of the intervention, mean weight loss was −1.2 ± 0.4 kg in the WEP group and −0.8 ± 0.4 kg in the EP group (*P* = 0.40) ([Table 4](#tbl4){ref-type="table"}). Changes in other outcomes (waist circumference, percentage of body fat, total cholesterol, LDL cholesterol, HDL cholesterol, fasting plasma glucose, HbA1c, systolic and diastolic blood pressure) were not significant ([Tables 2](#tbl2){ref-type="table"}--[4](#tbl4){ref-type="table"}).

### Indicators of hydration status.

Urine osmolality in the WEP group improved significantly at 9 mo (−131 ± 38.0 mOsm/kg; *P* = 0.008) compared with than in the EP group (3.10 ± 42.5 mOsm/kg; *P* = 0.8). Neither group had changes in serum osmolality (*P* = 0.9) ([Tables 2](#tbl2){ref-type="table"} and [4](#tbl4){ref-type="table"}).

Results by weight status at baseline (secondary analysis)
---------------------------------------------------------

We tested the effect of the intervention considering the weight status at baseline in the primary and secondary outcomes and found significant results for the primary outcome (plasma TGs) and MetS prevalence. There was no difference in TG concentration at baseline by weight status (144 ± 7.60 vs. 160 ± 6.00 mg/dL for overweight and obese participants, respectively; *P* = 0.09). A significant treatment × time effect appeared when we considered baseline BMI (overweight vs. obese) for TG concentrations throughout the intervention (*P*-interaction = 0.02) (**[Supplemental Table 4](#sup1){ref-type="supplementary-material"}**). The effect of the intervention differed between women who started the intervention while overweight (BMI ≥25.0--29.9 kg/m^2^) and those who started while obese (BMI \>30 kg/m^2^). Among the latter participants, TG concentrations decreased from baseline to 9 mo in the WEP group (−28.9 ± 7.70 mg/dL; *P* value for change \<0.001), with no change in the EP group (8.50 ± 10.9 mg/dL; *P* value for change = 0.4) ([**Fig. 2A**](#fig2){ref-type="fig"}). There was no difference in MetS prevalence at baseline by weight status (24.5% and 33.8% for overweight and obese, respectively; *P* = 0.1). The effect of the intervention on MetS prevalence differed by baseline weight status after adjusting for change in physical activity from baseline to 9 mo and for age (*P*-interaction = 0.02). The estimated MetS prevalence at 9 mo was lower in obese women in the WEP group (18.1%) than in those in the EP group (37.7%) (*P* value for comparison between groups in obese women = 0.05) ([Fig. 2B](#fig2){ref-type="fig"}).

![Effects of the intervention at 9 mo on the basis of baseline weight status on plasma TG changes from baseline to 9 mo (*A*) and prevalence of metabolic syndrome at 9 mo (*B*). Values are means ± SEs (*A*) and percentages (95% CIs) (*B*). The model for panel A is a simple linear regression model including as an outcome variable the change in plasma TGs from baseline to 9 mo and as predictor variables the treatment group (WEP = 1, EP = 0) and BMI at baseline (obese = 1, overweight = 0). Interaction term: treatment × BMI at baseline; *n* = 184. The model for panel B is a logistic regression model, adjusted by prevalence of metabolic syndrome at baseline, treatment (WEP = 1, EP = 0), BMI at baseline (obese = 1, overweight = 0), change in physical activity from baseline to 9 mo, age at baseline, and interaction of treatment × BMI at baseline; *n* = 179. \*Different from EP, *P* \< 0.05. EP, education provision; WEP, water and education provision.](1742fig2){#fig2}

Adverse events
--------------

Twenty-two participants from the WEP group reported an adverse event during the intervention. The most common adverse events reported were tiredness, nausea, stress, or frequent urge to urinate. The project\'s physician assessed their severity and relatedness to the intervention. All participants with reported adverse events were treated and monitored until they improved. No subjects were removed from the study because of an adverse event.

Discussion
==========

This clinical trial showed a significant increase in reported water intake in both the WEP and the EP groups, with the greatest increase in the WEP group supported by an improvement in urine osmolality after 9 mo. Both groups reported significant declines in total energy and SSB intake, and both groups demonstrated a reduction in weight and BMI over time. However, no significant improvements in plasma TG concentrations, weight, or other cardiometabolic risk indicators were observed by intervention group in the ITT analysis.

A possible explanation for the lack of effect in the overall sample is the incomplete replacement of SSB consumption. Even though the participants in the WEP group increased water intake, they did not completely replace SSB consumption, which was still considerable at the end of the intervention (155 ± 4 kcal/d or 418 ± 11 mL/d). There is evidence that a reduction in SSB intake of 355 mL/d is associated with weight losses of 0.5 kg at 6 mo (95% CI: 0.1, 0.8 kg; *P* = 0.006) and 0.7 kg at 18 mo (95% CI: 0.2, 1.1 kg; *P* = 0.003) ([@bib43]). Our results, which showed increased water intake but incomplete substitution for SSBs, are consistent with results from 2 other studies: 1 in Cuernavaca, Mexico ([@bib44]), the city of our study, and the other in The Netherlands ([@bib45]), in which changes in water consumption did not result in changes in SSB intake. The first, a cross-sectional qualitative study, explored knowledge of the benefits of water intake among adults with low and high SSB intakes. Participants had similar water intake amounts whether their SSB consumption was low or high, suggesting that drinking water does not necessarily replace SSB consumption ([@bib44]). The second, a secondary analysis of an RCT in adolescents, showed that a reduction in SSB intake was not explained by an increase in the consumption of water or diet drinks ([@bib45]).

Another explanation relates to the fact that SSB intake decreased in both groups and that a considerable percentage of women (36.8%) in the EP group had a water intake \>1.2 L/d at the end of the intervention (S. Rodríguez-Ramírez, T. González-Cossio, M. Mendez, K. Tucker, I. Méndez-Ramírez, S. Hernández-Cordero, B. Popkin, unpublished data, 2013). The reduction in SSB intake and increase in water intake in the EP group was unexpected, because those participants did not receive information on healthy beverage consumption. Despite our requests that WEP participants not discuss the intervention with the EP participants, contamination from the WEP to the EP group is possible, which would make both groups very similar and affect the intervention results. The nutrition counseling that both groups received did not address weight loss or changes in beverage consumption patterns but instead covered general topics, such as sodium intake, fat content in the diet (unsaturated vs. saturated), and including vegetables in the diet. Nevertheless, it is possible that women in the EP group were motivated by joining this weight-loss study and decided to modify some behaviors that are related to a healthier lifestyle (e.g., increasing water intake or reducing SSBs, topics that received extensive media coverage in Mexico during this period). We adhered to strict attention control limits for both groups.

Another potential explanation relates to the total energy intake of participants. In addition to the decrease in SSB intake in the EP group, the participants in this group tended to have a greater decrease in energy intake from solid foods than did those in the WEP group. Thus, even with the WEP group\'s greater reduction in SSB calories, average total energy intake did not differ between groups at the end of the intervention.

Finally, the fact that a large percentage of women (50%) entered the study with TG concentrations in the normal range (\<150 mg/dL) might explain the intervention\'s lack of effect. There is evidence suggesting that the beneficial changes in lipid profile depend on initial concentrations, with a greater response among those with higher concentrations at the beginning of any intervention ([@bib46], [@bib47]). Thus, only half of our study population had the potential to reduce TG concentrations.

Few RCTs have addressed a research question similar to ours in adult populations. Tate et al. ([@bib26]) studied the replacement of caloric beverages with water or diet beverages as a method to lose weight and improve some cardiometabolic indicators over 6 mo in U.S. overweight and obese adults and included attention controls. There was an improvement in hydration status in the water group, as in our study, measured by urine osmolality, but no significant differences in other metabolic indicators in the ITT analysis except for a significant improvement in fasting glucose in the water group compared with the control. In addition, Tate et al. found a significantly greater likelihood of a 5% weight loss in the 2 intervention arms in a secondary analysis. Another RCT in women and men aged 55--75 y tested the hypothesis that premeal water consumption (500 mL/meal · d^−1^) would lead to greater weight loss in U.S. overweight and obese individuals consuming a hypocaloric diet than in those who consumed the same hypocaloric diet only (i.e., without premeal water consumption) during 12 wk ([@bib48]). Adults in the premeal water group had a greater weight loss than did those adhering to the hypocaloric diet only. The authors concluded that, when combined with a hypocaloric diet, water intake of 500 mL before each meal leads to a greater weight loss than a hypocaloric diet alone in adults. The water intake may cause a reduction in energy intake from the meal. The difference between these trial results and our study results might be explained by the difference in the ages of the study populations \[participants in the Dennis et al. ([@bib48]) trial were 55--75 y old vs. 18--45 y old in our trial\], the length of the follow-up (3 vs. 9 mo, respectively), and the specific instructions provided to participants (intake of 500 mL of water per meal vs. increase in water intake and decrease in SSB intake, respectively). Finally, in a recently published 12-wk weight-loss phase of a 1-y RCT in overweight and obese U.S. women and men, researchers tested the hypothesis that the amount of weight lost (over 12 wk) and maintained (for 9 mo) in a behavioral management program would be equivalent in participants consuming nonnutritive sweetened beverages compared with those consuming water ([@bib49]). The authors reported that both groups lost weight during the 12-wk weight-loss phase, with a greater weight loss among the participants in the nonnutritive sweetened beverages group (mean ± SD: 5.95 ± 3.94 kg) than among those in the water group (4.09 ± 3.74 kg; *P* \< 0.0001). The results of this trial are difficult to interpret and compare with ours, because no dietary data (food or beverage intake) are included and the follow-up period is shorter (no data on the maintenance period were presented).

Our study has some limitations. As discussed by Hernández-Cordero et al. ([@bib32]), ideally a clinical trial should have a blinded design. However, in food intervention studies this is not possible. The unblinded design might result in an overestimation of the effect of the intervention if there is overreporting of an outcome measure or a change in the promoted behavior. We discuss the latter below. As for the outcome variables, those that are subjective are often found to be biased ([@bib50]), in contrast with physiologic outcomes, which correspond to our primary outcome and the other cardiometabolic risk factors measured in our study. For dietary information, which we used to evaluate change in beverage intake (including water and SSBs) and dietary intake, we treated all participants identically in interviews to reduce the potential bias of collecting this information differentially. Another potential bias due to the unblinded design is performance bias, which results from a systematic difference in the group follow-ups ([@bib51]). To reduce this bias, we treated all participants according to a strict protocol. In addition, there is a greater chance of attrition bias. In our study, the EP group had a lower retention rate. The potential effect of a low retention rate is selection bias, which we minimized by using an ITT analysis in our main analysis ([@bib51]). Another potential limitation that might explain the lack of effect in the ITT analysis is the fact that our control group (the EP group) received nutrition counseling. We decided to include nutrition counseling for the EP group to ensure attention control comparability between the groups, so that the only differences between them were the water provision and the additional information on increasing water intake while decreasing SSB intake. However, even though the topics included in the counseling did not address weight loss, both groups might have been willing to modify dietary behaviors not addressed by the intervention (i.e., the EP group increased water intake). A potential way to overcome this could have been to include a third comparison group, which would have made the study more expensive and logistically more complex.

Another potential limitation of our study is misreporting. In-depth analyses of our dietary data suggest a high proportion of underreporting, defined by the disparity between reported energy intake and predicted energy requirements from doubly labeled water equations adjusted for energy deficits on the basis of weight changes and total energy expenditure (S. Rodríguez-Ramírez, M. Mendez, S. Hernández-Cordero, T. González de Cossio, B. Popkin, unpublished data, 2013). These analyses indicate that underreporting increased from 11% of the sample at baseline to 42% by the end of the intervention. The misreporting made it difficult to interpret the potential impact of dietary changes throughout the study on the lack of effect of the intervention in the ITT analysis. In addition to the misreporting expected in a weight-loss trial, described in other studies ([@bib54]--[@bib59]), in our study the underreporting of SSB consumption might be higher in the WEP group given that the intervention discouraged SSB consumption, a phenomenon that others have reported ([@bib58], [@bib59]).

Although percentage of body fat was not 1 of our main outcomes, the Siri equation that was used to estimate it has not been validated in Hispanics but has been used by other scholars ([@bib60], [@bib61]). Finally, another potential limitation is the restriction of our study population to women. This puts a constraint on the conclusions we can draw from our results, which are applicable only to overweight and obese women.

Secondary analyses suggest that weight status at baseline was an effect modifier of TG change during follow-up and of the MetS at the end of the study. Plasma TG concentrations and the MetS decreased among obese women in the WEP group. This change among obese women is possibly explained by a greater physiologic response to a modification intervention in subjects with greater risk (i.e., heavier initial weight), as others have suggested ([@bib62]). A pilot RCT found that baseline BMI was an effect modifier in an intervention to examine the effect of decreasing SSB consumption on body weight in adolescents. Among subjects in the upper BMI tertile, BMI change differed significantly between the intervention and control groups ([@bib20]). Similar results were reported in a child cohort in the United States ([@bib42]). Another possibility is a stronger desire for behavior change among obese subjects in our trial. Although initial higher weight predicted low compliance in weight-management treatments ([@bib63], [@bib64]), in our study the change in SSB intake was greater among women with a BMI \>30 kg/m^2^, even after considering the potential effect of underreporting, as defined above (change from baseline to 9 mo in plausible reporters: overweight WEP, −236 ± 31 kcal/d; overweight EP, −148 ± 41 kcal/d; *P* = 0.090; obese WEP, −228 ± 41 kcal/d; obese EP, −42 ± 40 kcal/d; *P* = 0.003). Water intake was similar. Obese women in the WEP group had the highest water intake at 9 mo (plausible reporters: overweight WEP, 1532 ± 123 mL/d; overweight EP, 1043 ± 124 mL/d; *P* \< 0.008; obese WEP, 2071 ± 133 mL/d; obese EP, 905 ± 148 mL/d; *P* \< 0.001). The results of secondary analyses are worth mentioning considering the high impact in countries such as Mexico, where the obesity prevalence is considerably high---37.5% of Mexican women in 2012 ([@bib2]). Furthermore, the existing evidence of the association of hypertriglyceridemia with risk of coronary heart disease ([@bib65], [@bib66]) and the potential benefits of decreasing TG concentrations ([@bib8]) highlights the importance of the findings of this study. However, these results should be considered cautiously, because further investigation is needed.

In conclusion, overall, this study found that providing water and nutritional counseling was effective in increasing water intake but insufficient to achieve a complete substitution of water for SSBs among these overweight and obese Mexican women, which may have contributed to the lack of change in plasma TGs, weight, and other cardiometabolic risks in the ITT analysis. Other potential explanations of the lack of effect are that both groups decreased SSB intake, resulting in a great proportion of the EP group having an SSB intake similar to the WEP group; total energy intake did not differ between groups because of the trend of decreased energy intake from solid foods among women in the EP group; and the baseline mean plasma TG values were near normal in our study population. Secondary analyses suggest that the intervention lowered plasma TGs and MetS among obese women only. The results of both the ITT and secondary analyses indicate the need for more research in efficacy trials focused on the effect of SSB intake reduction on MetS risks and the possible differential effect according to initial weight status.
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======================
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